In this letter, we propose a multi-cell cooperation method for broadcast packet transmission in the OFDM-based cellular system with multiple transmit antennas. In the proposed method, to transmit two streams of spatially demultiplexed or transmit diversity coded symbols, we divide a coded packet into subparts to each of which different cell group and antenna pairs are assigned. It is shown that the proposed method reduces the outage probability with only negligible increase in channel estimation. key words: broadcast service, OFDM, spatial multiplexing, transmit diversity code, outage probability
Introduction
High rate broadcast packet data services have been adopted in cellular networks to efficiently deliver multimedia contents to multiple users [1] . For the services, orthogonal frequency division multiplexing (OFDM) is the most promising modulation scheme due to its robustness to the multipath delay spread in high data rate transmission. The simplest broadcasting method makes all base stations (BSs) synchronously transmit the same OFDM signal to increase the cell boundary signal power [2] . For further improvement, transmit diversity (TD) coding between two singleantenna BSs [3] or among three BSs with subpart antenna selection (SAS) [4] has been proposed for cellular networks in the single and two transmit antenna cases. In this letter, we extend the method of [4] to multiple input and multiple output (MIMO) case transmitting two TD or spatial multiplexing (SM) symbol streams. We also present a unique method for selecting the pair of cell group (CG) and antenna to increase the diversity. The performance improvement of the proposed method is shown by the outage probability in comparison with other methods exploiting the cyclic delay diversity (CDD) [5] , [6] .
System Model
The BSs are divided into three CGs as in the cell planning with frequency reuse factor of 1 3 using hexagonal cells [4] . In the broadcast slot of the downlink, BSs transmit an identical packet through N T transmit (TX) antennas to all user equipments (UEs) in the cell each equipped with N R = 2 receive (RX) antennas. Without loss of generality, it is assumed that the packet is transmitted over single OFDM symbol with K subcarriers. At each BS, the information bits {b i } constituting a packet are channel encoded and mapped onto modulation symbols {s l }. The modulation symbols are then TD encoded in the TD case, or demultiplexed in the SM case, to output 2×1 symbol vectors
, which are then mapped onto the K subcarriers of an OFDM symbol. Specifically,
T for k even in the case of TD, and
T in the case of SM. In the proposed method, the symbol vectors {x(k)} K k=1
are divided into P subparts of equal length
be the index set of x(k) belonging to the pth subpart. If the BS belongs to CG g, the 2 × 1 symbol vector x(k) is mapped to the N T × 1 antenna vectorx (g) (k) as
Here, Q
is an N T × 2 matrix with its elements ∈ {0, 1} denoting the SAS rule of CG g at the pth subpart. An example ofx (g) (k) is illustrated in Fig. 1 when N T = 2 and P = 3. Note that q 
In (2),H (g) (k) is the N R × N T channel frequency response (CFR) matrix from the BSs of CG g, w(k) is the N R × 1 additive white Gaussian noise (AWGN) vector with
, and E T is the TX energy of the BS. If we assume that the channel is invariant over an OFDM symbol duration, the (i, j)th element ofH (g) (k) can be expressed as
where C g is the set of BSs belonging to CG g, M c is the number of multipaths from BS c,h
i, j is the complex fading gain at the time delay τ c,m between the jth TX and ith RX antennas, N is the FFT size, and T s is the sampling period.
Let 
where
Here, Q p transforms the original CFRsH(k) into the equivalent CFR matrix H(k) corresponding to the symbol vector x(k): the ith
With the information on the equivalent CFR matrices {H(k)}, the channel decoding is performed with the decoding metrics derived from the received vectors {y(k)}.
Subpart Antenna Selection (SAS) Rule
The instantaneous capacity of the SAS method with Λ = {H(k)} K−1 k=0 is obtained as [7] C(Λ)
Here, || · || F denotes Frobenius' norm, det(·) denotes the determinant of a matrix, and
p=0 , which will consequently influence the outage probability defined as
when the BSs encode the broadcast contents at the rate of R bits/s/Hz [7] . We now address the issue of how we can construct {Q p } P−1 p=0 for N T ≥ 2 to decrease the outage probability P out . For convenience in description, we assume that the original CFRs are frequency flat (H(k) =H) and uncorrelated (E{H †H } = aI with a constant). With the SAS method, the entire CFRs that a packet undergoes are given by the
p in selecting two antennas. Specifically, N Q = 4 and 864 for N T = 2 and 4, respectively. Note that we can set P up to N Q to obtain different submatrices H p in H .
In choosing P and Q, we should take channel estimation problem and diversity gain into consideration: P should be chosen as small as possible since the channel estimation is accomplished subpart by subpart while Q should be chosen to make the columns of H as uncorrelated as possible to obtain a higher diversity. It is noteworthy that less correlation in H causes more independent terms in {I k }, making the variance of C(Λ) smaller. Since the ergodic capacity E{C(Λ)} is constant irrespective of the choice of Q for the same reason as in [7] , P out will decrease as the variance gets smaller if we consider only the region where the outage probability is less than 0.5. With this rationale, we choose Q by investigating the rank and determinant of the correlation matrix R t = E{H † H} = Q † Q. Specifically, for P given, we first choose Q o s with the highest rank r * such that r * = max Q r(R t ), and then among the Q o s, we se- 
of Q * when P = 4, for which r * = 8 and maximum β = 0.13.
Then the column vectors (5) of the equivalent CFR matrix corresponding to rule (11), for example, are given by
In addition, it can be easily seen that the proposed method can be applied to the case where adjacent BSs are equipped with different numbers N T (≥ 2) of TX antennas since we need to estimate only two equivalent CFRs {h i (k)} 1 i=0 to demodulate x(k) irrespective of N T .
Simulation Results
The outage probability of several methods is compared in the three cell environment with the UE equi-distant from three BSs (the location B in Fig. 1 ) when N T = 4 and N R = 2. We have adopted the system parameters of the long term evolution (LTE) with a bandwidth of 5 MHz [8] : a broadcast slot with 6 OFDM symbols, N = 512, 1/T s = 7.68 MHz, and K = 300. When the pilot overhead is incorporated, we assume that N f pilot subcarriers are inserted at each of the first and fourth OFDM symbols as in [4] , resulting in pilot overhead of O pi = . We also assume that S f = 8 to interpolate the frequency variation caused by the ITU-R pedestrian A (PA) and vehicular A (VA) channels with maximum delay spread of τ max = 2.51 μs.
The outage probability of the SAS using SM (SAS-SM) is shown in Fig. 2 when R = 3 bps/Hz in the PA channel with no pilot overhead. The abscissa denotes the received SNR from one BS per RX antenna defined by Fig. 2(a) , P out is shown for various Q when P = 4. The SAS algorithm clearly produces the lowest outage probability. The performance for various P is also shown in Fig. 2(b) , where we have used Q * obtained from the SAS design rule. As predicted, the curves become steeper with P due to the increase in the diversity. At P out = 10 −3 , the SAS with P = 3 achieves an SNR gain of 3 dB over the method without SAS (P = 1) and the increase of N T from 2 and 4 provides an SNR gain of 1.5 dB for the SAS methods. Since a further increase of P over 4 leads to only a negligible SNR gain, P = 3 or 4 would be a reasonable choice when N T = 4. Figures 3 and 4 compare the performance of various broadcasting methods in the VA channel without and with rate loss incurred by the pilot overhead. In the figures, 'TD/SM' and 'SAS-TD/SAS-SM' denote the methods without SAS and with SAS using P = 3, respectively. In addition, 'CDD' denotes the method transmitting one symbol stream with different cyclic delays for all TX antennas as in [5] and 'CDTD' denotes the method transmitting two TD symbol streams with different delays for TX antennas sending the same symbol stream as in [6] . For CDD and CDTD, we also assign different cyclic delays among the BSs so that the effective maximum delay spread is given by τ Nyquist criterion, the pilot subcarrier spacing S e f for CDD and CDTD should be reduced to
S f for a comparable interpolation capability. Figure 3 shows the outage probability for R = 3 bps/Hz without considering different rate loss incurred by the pilot overhead. For CDD and CDTD, δ is chosen to either provide a pilot overhead similar to that of SAS as τ , respectively, leading to a pilot overhead of 17%. It is observed that the outage probability increases for all the methods due to the pilot overhead. Among the methods considered herein, SAS-SM provides the best performance at all SNR values. In this figure, we observe that CDD and CDTD with a proper choice of δ could perform better than SAS-TD if P out < 10 −3 : the performance of CDD and CDTD is, nonetheless, dependent considerably on the choice of cyclic delay time and the multipath intensity profile so that it is not easy to be optimized to all users in broadcast transmission. Thus, the SAS can be one good candidate for broadcast packet transmission with predictable diversity gain and channel estimation overhead.
Conclusion
We have proposed a broadcast packet transmission method for MIMO-OFDM based cellular systems, where cells are divided into three CGs cooperating in the transmission of two streams of SM or TD code symbols. In the proposed method, a coded packet is partitioned into subparts, to which different CG and antenna pairs are selected to increase the diversity gain. It is shown that the proposed method produces improved performance by using the SAS rule proposed, using more number of TX antennas or using SM instead of TD. It is shown that the proposed method with TD provides a better performance than the conventional TD method and is similar to or better than the CDD method at the same frequency interpolation capability.
